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metric measuring materials for use by teachers of grades K-12.

Materials for teaching length, area,

vQlume, and temperature conc epts

are suggested. In addition, there 1s a chapter on games and aids ard
a bibliography which provides further references. The introduction

:includes some hints oh teachinyg measurement.
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o CHAPTER 1
INTRODUCTION

LY

“General Comments )
Our objectives in this project are (1) to Rrepare a handbook-

of inexpensive or‘easy Lo’ make metric measuring materials, and (2) to

reference the handbook in ‘such a way that it will be readily useful for

q

a teacher of any of the grades K-12.

'

We have’ made and/er used al] of the metric measuring devices ¢

shown in this handbook. Most of our students have been teachers and
they have either borrowed our materials or made their own and nsed them
in a variety of classroom situations in schools or @duit education’ set-
tings.. Hence, suggestions;for activities and hipts for teaching measure-
ment aré sed on a compilation of our experiences and the experiences
of these ‘teacher colleagues . )
You will find that many of the devices are described in such a
way that your students can make them readily We feel this has two
important benefits.' The first is that there is vaiue ina student makipg
herfhis own measuring device. The second, aside from the fact that you .

are producing many measuring devices at low cost, fs that a student will

f take his own measuring device home, thus. furthering the'cause of metric.

\ \ L
education. . = . . "

t
My

Hints on Teaching Measureyent

There are som@ important points to keep in mind and to emphasize




when helping a child understand the concepts involved in the measurement
process. The first of these deals with appropriately identifying an
/-attribute of an object to measure and. then picking an appropriate unit
to measure that attribute ~An obJect has many attributes which 5puld "be
.measured, some of which are’morg readily measured than others for |

t

example consider a block of wood You could measure the length; width

height area of a particular surface the volume the weight, the colorf?

the density and so on. Thus, it should be made clear to the child exact-

1y which attribute js to be measured.
Another important idea’to consider at the onset of’the measure-
-ment prodess is the concept of conservation of the quantity of the attri-
o bute during the actual process Quite often in the measurement processz

the object to be measured s moved or changed in some manner. | Usually;'-

this action on the obaecb does not change the quantity of the, attribute -

being measured: However, Qhe Swiss psychologist, Jean Piaget, who has

) ;spent,many years observing how children learn, has fo%nd that a child
may not yet realize that the quantity of the attribute has not'changed.
L For example, Piaget‘has‘an experimént‘where-two sticks of the
same length'are‘plaCed side by'side‘on a desk and the child is asked
"Are the sticks the same length or is one longer than the other?"  Usual-
ly, the response.is that they are the same length lhen ~one~stick is
pushed "up higher" on the desk and the child is asked the same question

Children vary in their resp0nse

. - The authors performed this experiment with many children up to

and including the sixth grade. Our results were consistent with Piaget s_

findings, namely, every child through the third grade responded that

oy
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'b, the one "up higher" was now onger" It is not until the end of‘the

> f-'. ' , ; third grade (8 9 years old) that, the child rea]izes that the two sticks
| " are still ‘the sdhe ]ength i.e., the chi]d demonstrates "conservation
of 1ength" | - "

Measurement readiness ta§ks, such as the one described above,
»

shou]d be given to see if the chi]d can conserve the quantity of the
attribute to be measured prior to a measUrement task. _Excellent sources
ixfdﬁ such tasks are in references 36 and 37 by Copeland. o .

You shouid note, a]so (that conservation of one attribute such

]KW‘ | L a% 1ength does not 1mp]y conservation of another,. such as area or

: ”~ .
vo]ume - }m fact, 'a 'child may conserve an attribute, 'such as area, that -

i seems to us to be "more compiicated" before that same child. conserves
‘ a "less comp]icated" (tp, us ) attribute, such ds Jength.
- ' | -The second step in the measurement process is-to pick an appro-

priate unit to measure the desired attribute The generai fee]ing among

'y . mathematics educators is that the units first used to measure should be

t—

non- standard units. For exampie, if you(\re measuring the length.of ‘an

——

object you might start by using the‘]éngth of your foot or your hand-

e ————— o — — i
L .

§pan as a unit. If you are measur1ng the weight of an object, you might
« use beans, washers or nails as units. If you are measuring.area or vo]ume

you might use equiiaterai'triangies or ping pong baiis, respectiveiy.

“(The class activities on’ these 1ast two topics 1eadwvery well into dis-

cussions of tesseHations in the piane or.in spacecn a secondary school A

~ level mathematics classrooft. ) J .

*he work done with the non- standard units will lead the student

to an appreciation of standard units and the need for a system of units

}n which conversiong are easily done,_such as the metric system. Upon ‘

> ' _ ' \

. . .
Y . A . ¢
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R 5 completion of the measurement activity with a non-standard unit, |the®,

e - child now:measures that attribute-using a basic unit from the metric _ﬁ k
| \ system. .. . ‘;j' DI _2 R t‘ R 1~“
. | ‘ A great deal of: emphasis in grades 3 6 shoyld, be placed op (\\ Ck)
choosing an appropriate unit and an appropriqte deuioe to measure he

attribute. For example, if a child is to measure the length of a hall- ‘
way in your school then the unit most likely will be the meter ahd the
device for measuring should be something 1ike a trundle wheel or a 3- o r:

: meter tape rather than using the centimeter as a Unit and a 30 centwmeter

.- e
I

rule.- e | oo e

N : As the child starts to gain some faci]ity in measuring, dis«
Yo ~ cussionscantnow'be'centered on<the fact that a measurement is an approx-_'
imation of the quantity-of the attribute, andxnot an exact determination
By the end of elementdry school years, each child should realize that _
when one' says somethihg is l7 centimeters long, 1t is meant that it is g
closer to 17 centimeters than to 16 centimeters or 18 centimeters That
is, if one says that X is l7 centimeters, one means, that 16. 5 cm < X <
17.5 cm. T P .-‘_(“___;;, ol -,‘\::
' \ : L o
~_Once the above concepts are understood, the student can be intro-
.duced torthe concept of precisioh. Hdre the idea is taught that'given' .
two measurements of the same obJect one i% more precise than the other
if it uses a smaller unit.. For example, if you measure the length of <
this piece of paper in'deC1meters, s 3 dn long. However, if you
»measure the length. in centimeters it is 28 cm long. The length given
in centim”;ers is m re precise than the length giVen in .decimeters, -

I

" since-centimeters is a smaller unit This is an excellentrexample of
N

the fact that if oomething is 3 dm long, it need not be 30 om long' - |
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Other concepts reiated tb prec1sion are thise of greatest

possib]e error relative error, and accuracy These topics are" general-

r

\

;eoncept of significant digits: is 1eft until eighth or ninth grade.

>
o

. .“. ) - . - ‘, ’ [ ;
S - . Hints on Using This Handbook :'

F]

A]ternative methods of’ constructing some of the devices listed
\/

" are referenced by numbers enc]osed in parentheses next to the word

o ““Construction" ‘These refer to the Bibliography at the end of the text

if you' are seéE;:g aiternat1ve activities, the numbers next

;to the'seﬁtzg ;entitied "Altivities" are some of the references which-

) have other usefui ac%ivities C .

'y [

‘ You“miii not1ce the ]etters-"e},_"B",_"C"; and "D“_under the.
”_section on activitﬂes Thiswis‘a codinghsystem we are_using-to“group |
.": “the'actjvities'bv grade levels. v

| A <= refers to Grades 1- 3.

vt'”»\Kx 5-‘ 'bra- refers to’ Grades 4-6

" ':,._tC'---refers' ades 7~9«

.. b
o : b -

. -~.“:D - refers to Grades’io 12 } |

s Another notation we: use in this text.is the "( " notation
"'uThese pcecur after a subheading for a measuring device and contain the |
.:iapproximate cost of making the 1tem yourself versus the cost if purchased

) through a commercial producer of 'iucational equipment The cost 1isted

- for a commerciai‘broduct is_ neithe the highest nor the lowest, but an.

average of prlces 1is/pd in cataiog es.
.much‘it wil] cost to make;a device, since quite often many of the materi-

“~

als needed are commoniy found in a school or home workshop. -

1y not ‘introduced unti] sewgpth and eighth grade (12- 14 years o]d) The

P

It is’difficult to tell you how °

»
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2.——————The devices 1isted were chosen becaus? they will probabty be

‘ used frequently 1n a classroom and because they might be used to enrich

- a class. Other devices are not included, since the homemade devices

in terms of time and money cannot compete with the commerc1al products

]

‘An example of this 1s a metric 1% meter -tape. These ¢an be purchased
. ’ -~ - A . o . - .

eommercidlfy‘for about ‘50¢ .-

!
] : - . L]
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We briefly discussed the concepts&Cnvolved with measurement in

@ general way in the ‘Introduction.. With respect to conservation’ of

1inear&measurement thiswﬁs usually achieved at about age seven and one-

: half Bas1ca11y, this means . a chi]d understands what can be done %0 an

t'

4 object without changing its leng}h .Copeland said:

“ \

Measurement in 1ts operational form (with immediate insight. rather
. than by trial and error) is not achieved until eight or eight and
~one-half years of age.
This study indicates then that Jf systematic measurement is to
be "taught" it should not be presented before the latter part of
what is usually the ﬁhird grade. Even then; for most children it.
will have to be an e¥perimental or trial-and-error-readiness-type
experience The necessary concepts, as usual, develop from within
rather than withowt for operational understanding You cannot tell
children how to 'measure; they should be provided with materials simi- -
"lar to those just described and be altowed 'to experiment and try-to
'solve measurement problems for themselves. The teacher should play '
the role of questionér in moving toward the objective desired, in
this case, measurement. . The necessary concepts will develop. (1) when
the child is old enough (eight to eight and one-half, according to

. . Piaget),.and (2) when he is allowed tor operate-on (experiment with,

manﬁpulate) objects used in measurement.” Both conditions are nece?
sary for the. operational thought ‘necessary. to perform measgrement.

- Another very important concept the, child must understand is the

~

5concept Jf subdivtsion, since most obJects to be measured must be sub-

divideﬂ into units the same length as the measuring unit There is a

very close relationship between these ideas and the concepts\involved

in understanding number However, \//is felt that the understanding of

) ' 4

I VS
w

1

gopeland, How Children Dearn Mathematics, p. 269. (37)
: T ON . g

~




number precedes the ability to measure n 4’ -.'.‘ __f' :\;:_f N <

- The basic SI unit for measuring 11nEar distances is the meter k
. :

e most commonly used prefixes 1n~rea1 Vife app}ications are the kiio . _' T;'

a d the centi ~The cher prefixesmare usefu] from a pedagogicab stand-- S

p nt because they h/lp a child understand the structure of "the metric )

* system. (f" ; R |
) v ) o '\ .
. . . ' )

_ Meter Stick 30 cm Ruler. and 10Q mm Ruler
~(10¢, 5¢, 5¢ vs. $1.25, 20¢, 15¢ﬁ respectively)

" .
v

X4

Materials‘ L o '«. - , .
| -1,; Copy of Figure 1 :' - .:_ - | |
k 2. 0ak tag strips or’ thin stioks 2 cm wide and 150 cm 1ong\ |
X altogether - L ) ' ;'“
r A ..3. Glue or tape SR ’ o o ."i s
v 6‘__ ) s, Scissors ’ | | e
| Construction (16, 21 22, 2§) . Fyo . ;. o ‘ \\'
" Figure 1 is a meter stick which can be used to make a thermofax v

////’ :>copy on a ditto or a stenci] copy on a gestetner so that each chi]d 1#
your class could have a meter stick. These could be cut out and pasted

- onte-0ak tag or a sma11,2 cm w1de stick’ for stability. SRR zzé
Note that. the "0" and "100" cm markings are nqt at the end .of - ‘

the‘strips This was done on purpose to a]]ow for general wear and tear '

ﬁt the ends. of the meter stick At the end of the first four strips in -

Flgure 1 you will sTe a tab, which is used to g]ue the first part of the .

" next strip onto it. /Thus, when the second strip is glued onto the tab

¢

of the first strip, you shou]d be able to read the nu era] "20". Figure
2 consists of a 30 cm ruler and a 100 mn ruler which zgn be copied and

e

‘ ;V. . ’ ) ,' ‘w
. A '3 R A
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~and put ‘on oaktag ag.was the meter stick

- are various lengths. The'firs rodp to do this w’ns

‘i

Activities (2 4,8, H 12, 13, 18 20, 26, 40, 41). 0

L
A l. Have students make a list pf objects by classffying them

into 3 gfoqps o H ‘ . .

| (a) things long “than aimeter ' . -
(b) things abput one metér in length - |

| (c) thinQS'shorter than a'meter.

They can do this by comparing their meter stickS'to the object. '

N ) 2; Another interesting activity would be for each child to ‘
measure various parts of his body, such as his arm 1ength waist, hand .
sban, head, neck and so on, and put,these sizes down~qn a picture he
draws of himself. | e | |

| 3. Aﬁbther fun actiVity"is'to have a scavenger hunt. "That
1s; have the students break dpgiﬁ€§>4~or 5 groups and find objects which '
g N
. .B. 1. Activities~1, 2 and 3 from Part A could be done or vari-
atknns ofitheﬁ. Ong very 1mportant variation of this isapo have them
iestiméte‘the objects befére mgasurjng them. | .

Another important variation is to see if'your class's

, ‘measurements fit some of 'the following'ggtterns:. ' * .

.(é) arMSpan fingerfip’to fingertip = height
*(b) height 2 distance from floor to your nava] . 618
| *(c) top of your head to elbow + top of head to armpit
. L6 ‘ "
| (d) distance around 2nd knuckle of thumb ; % distance

[y ‘ ' 9 - .
. around wrist = ) distance around neck = % distancg

around waist




~ to find the perimeter of things as a room, the school yard, a desk or ~

(e) (length of fOOt) X 6l = height 7..'.‘.:;,.

*(The value 1. 618 {s the, approximate value qf the Golden

t »\l

- Ratfo.) o . T ‘
2 " Many activities could be’ derived which. reqdire the ‘child

b

a book. ' - | ~i e
3. Another enlightening activity is to have the chiidren

‘

measure the same object to the nearest meter. centimeter and decimeter

\KThus, the students can gain some. intuitive ideas about precigion and

accuracy.)
c&p. 1. Activities from Parts A and B wourd be appiicabie

‘ -
Activity B3 tan be expanded to inc]ude forma] definitions oF precision,
' greatest possible error, re]ative error and accuracy t
o
2. -Activities involving .scale diagrams should be\done ,Fpr-

example, "the ‘child could construct a diagram of the schoo]_yarg drawn te‘ “

" scale or a diagram of a "Dream House" or "Dream Room" (that is,fthe :

“house he/she would want to iiye in or the ideal room he/she would 1ike
. ~-' . o

to have ) Activities having theﬁstudents making maps showing how to go

from the school to home or_some other place near the schoo] are appro-

priate at this.age level.

&

' Trundle Wheel ($2.50 vs. $9.00)
Materials * .-._ R o {
1.. Riece of pine 1 meter long, h cm wide and 1-1% cm thick -
2. Square'piece of plywood (hardboard, old paneiing,.etc.i_

32 cm or more on a'side

4. 8 cm bolt, nut and 6-10 washers .

, . ‘ .
17 L
. . P [

3. Piece of spring steel (an old hack saw blade works very well)




o‘;‘

l brad or nail S B '

Construction (19 21, 22)

* -

Take the square piece of plywqod 32 c¢cm on a side and construct

- and cut out a circle of radlus ]00

b . o
circle uslng a string attached_to a nail at the center of the circle

= 15.9 cm. (Your can construct a

o you arq constructlnq ) Use a jiqsaw to cut out the wheel you have made. °

The circumference of this wheel is approximately 1 meter. Using the
dlagram in Figure 3, construct the handle as 1nd1cated Drlll holes in
the center of the wheel and at points 4 cm from the bottom of the handle
' to attach the wheel. o

A piece of Sprlng steel (a hacksaw blade work§ well) should be

‘\ , </Z\) . attached to the handle as 1n the diagram and a nail or brad on the wheel.

R

Thus, every time. you walk a meter, you should hear the !fring steel snap.

- . ¢ .
Sipee the cut in the handle’where the wheel is to be attached is
A ' ' B \
2 cm wide and the wheel 1s only 1 cm wide, washers should be placed be-

tween .thé ‘whee) and the sides on the handle. This will keep the wheel

8

from wobhllng

ctivities (8; 12,13, 18, 22, 10, o AR

AT, Any activities, where relatively lTong. distantes are to be

1

*

measured and are accessible by walkinu can and probably should use Aan

v

}

1nstrum5nt Like.the trundle wheel. For example chlldren could measure

L the lengths of~rooms, hallways, driveways, playgrounds and so on by
= rollin the trundle wheel alon - S
¢ ’ g . S Mffl\/,,: 3
. r By, Activities 1nvolv1ng any of the ideas in Part A, are
A' .‘ . . / . . .. l.l
_applicable., . | . S o

e ‘ 2. An actlvity which the children 1n ‘the upper elementary -

grades love’is a treasure hunt The treasure hunt could emphasize 3
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That is, in order to find the height from your eye level to the obJect

Y' :

you want do the following

~(a) Sight: the object at point B through the straw on yOur L

B clinometer . _
_(b) Read off on the’ graph paper where the nylon filament -
or string hangs (i.e. .the length of B C ) _i_‘ .

v e (c) Measure the distance from where you are standing to

A

the projection of . the obJect B to the ground (i.e:, the

efigth ‘afAQ L
4-r-""‘ "l

(d) Nultiply the distance im c above by the ratio of the
reading in (b) above tpizo, since A'C' =.20 cm,

'
' ~

. -
. ~rV

Py

. x ~

various concepts such as conversionS‘within the metric system_ {tself, :m____f_s
’ other St units such’ as ligers, grams and degrees Celsius, or simplifica-
tion of arithmetic exprqssions ‘ o : ‘ .

' 3. You can use the trundle wheel to help you find perimeters,

6‘;§reas or'vclumes_of rooms, buildings or pieces of land. )

C & D. \l. Activities in‘farts A and B apply. An extension of B3
could be done at this level by having tﬂe children draw scale diagrams )
of the rooms, buildinds or pieces of land that they measure.

Clincmeter:(50¢ vs..$8.00)

' "A.clinometer is an instrument, for measuring the heights of

Objects which are nqt readily -accessible. The‘one in Figure 4 is based'.
. upon th%aconcepts involved in similar triangles In the diagram, -
A MRBC<AABC. T ) C
' . B'C' _'BC
) " oo &S e = 8 ¢
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(e) Therefore. in order. to find the height of the objeet

S B r add the. height\of your eye 1evel to the answer you got
yo : in part (d) above,  * .
. o v K : ' )
. - . Materials )
_— ) — $ :
' . : _ 1. Square piefe of plywood (paneling or hardboard) 25 cm one '
g sige i . | L
2. Square piece of cm graphkgaper735yém on a_side -”.\‘ :
o R L]
3. 30 35 cm piece of: nyion filament or string . S
o ,' 4, Ordinary drinking straw ) \"
. ' ‘ 5//ﬂhasher or nut and nail
. . )
Ve : o 6. G]ue or.tape ‘
.. ._ | \/ (»;
\ T ‘Construction (19,. 20, 40) k, |

A Glue or, tape the piete of tm graph paper close to the left gpge (/«\
of the square piece of plywood Attach the nylon filament to the upper J

'right hand corner of the graph paper by a nai] or by making a hole and
. 'tying a knot on “the opposite side. Tie the washer to the end &f the ‘
=" .‘.,_- nylon fi]ament so 1t hangs freely as. in Figure 4 Tape or L]ue the .
" : _straw to the top of.the.graph paper and’ciose to the left edge. L_f; - ‘\\
" 7 \-,'Activit;i.es (13,.19, 20, 40) ) . S " pNUE
‘ A. 1. The’ clinometer gives you an excellent opportunity to N

/. have some fun’ outside measuxing the heights of buildings, tree51 flaa

2. Some indoor activities~couid be to find the height of

-

: h ‘ . 4 . | . | |
-9 / poles and <the 1ike. - - : - BRI &

RN the room, the gymnasium, the basket a dlock or other such things .
. -
A - Armspan and_Height Charts (50¢ vs. $2.50)
- Materials - o I .
| o 1. 2 pléces of oak ‘tag at least 1 meter long and 2 dm wide to
L r (1 “be marked as in Figure 5 . . )
+ . Y . . ) . - . ) ~/
Q N : - N 21 . : _ LA _
ERIC™ - - R SEEEE T

)
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Construction (12, 18)

~ from the corner. The height chart should be put so that the 100 cm mark ’

Actiyities (8, 12, 13 18, 40)

~ charts. Then have them compare the two (they should be about the same.

" That's right, you are a guare!) “ : - A : .

_ Results: h-z 6.5, H z 7.5 and %-z 7.5. “Make a table indicat'

Draw a line down the middle of the chart Then'mahg centimeter
markings and Jabel them every 5 cm or 10 cm. The: armspan chart shOuld

Vo
be placed from the corner of a room 50 that the 100 cm marking is 1 meter

is 1 meter from the fdoor.

AL B A. Have a child measure his arm span and his height with ‘the

C&bD. l - A nice extension of th<\above activity is to record the 7
vesults and ‘have a table to indicate the difference between a person 's ,'r
armspan and his height Some results will probably be posit1ve and some- e
negative. After adding all the positive. number; in the table and all |
the negative numbers in the table add the positive ‘and- negative sums.
Is it c]ose to zero? _ |

' 'Z. The above -activity can lead to other interesting'facts
about the proportions of various parts of the body Have each studen‘
meagure the following parts of their bodies: (a) foot. (b) handspan
(distance from outstretched ]ittle finqer to outstretched thumb), and
(c) from the top of his head to the bottom of his jaw. Now form a ratio
'by comparing the height of a person, h, to-a, ‘b, and o mentioned above.

a

results for the c]ass Find the averages of the-abpve for 'the c

' 2.3




o ;N; | n - "'P]ane Table‘tsr 50°vs. $]0 or up) |

.o ¢ :
ST 'f The plane tab]e is a device ‘which can be used to find inaccess-

-

1b1e distances u51ng some. simple trigohometry or ’t Zjn be used to make.
(The \>oard shou]d

a map of a re1ative1y small area’ such as a playgroun
. _ ) \
be on a ]eve] surface when used. ) T ' '4~ (» o .

Mater.i,al's A e  ~. o S ‘ | ':

1. Square piece of p1ywood 40 cm'on a side and 1 cm thick :

[

2.. Circular graphhpaper . '{
3, Ordihary drinking straw ‘
/ \ S,
~#. 8, Nut, bolt and 2.washers S
J %
. 5. 2 small na11s or brads used for sighting the obJect
o e B _f1ece of wood 2 cm wide and 30 cm 1ong used as_a, po1nter ' [ T
CANRPRE '
"“*“ ?;i' 7. Glue or td&
~

Construct1on (19) . o - f

3

_ Dri]] a ho]e 1n/the center of the 40 cm-square p1ece of p]ywood
—~ (and'in the piece of wood to be used as a pointer. Place a.p1ece of cir- wc
_ . cubar graph paper (Figure 6A) on the plywood sa'that it is concentric dh \\\
47T ' wfth—the’/lywood (You may want to laminate the circular graph baper _ 1 't
| so tpat you could mark on it and wash it off 1atd“‘) Attach the pointer

ito he board and on top of'the graph paper, . Attach the stnaw to the

B IS po%nter by glue or tape. Put 1 brad near the end of the pointer and 1” ) P
_ . in the straw. As you peer through the stf%w, these brads should 1ine up. /
P .. ‘.; ¥ ACt1V1t1es (]9) L . S Q.a o - o $': f'A
! f ‘ A & R. We do not recommend the use, of th1s device at these Tevels

/”\5‘& .
. since the ideas involved are probably beyond the understand1ng_of most

f' students. : ' | o ‘ o

3- an C.AT. Have the students draw a simple map 1ndicating the €§;

f—w’
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re]at1onsh1p of 3 objects such as a. tree, a building and a telephone

e L .- ) M o . e .. v . T, . B . ] . ) . ' .
. N » i . . v R : . o
E N . . . . B . . . . ) .
K . N . ! - P Y - . . . . !
. l. . i . . « LIS . . . N . L. . ) . . .
s " - ' b . o . © . “ By \) . .
. Lo s aniig - 5 ’ . . . . . "
cY . : . . . . . . N . ‘e '
. . P . LD e . B .
. . - . - .. . i
@ . ’ ' .
- . 3 . N
A * ’
+ «
.
'

pole Have them stand- -at.one, of the objects and sight the other 2 by

using the board and 1nd1cating }Je angle and d1stances 1nvolved
2. After they have gained some ability to draw simple maps

L to sca]e, have them draw more complex areas such as the school yard or

~a neighborhood block. I } LS
T . o
LD, Same as the activities 1ist@d in Part C.

.. 7. - «

P 2. Use the plane table as, you wbuld a. sextant in order to -
' » ]

.

héQp you find measurements for 1naccessible distances Here the stu- .

-

dents can employ ‘the: sine 1aw or the cosine 1aw. S

3

-

T, caliper (52.00 vs. $12 00) (ngre 7, page 20)
o " The caliper shown in Figure 7 can be~used to find the diamq\fr' .
of a sphere, such as a. basebalt basketbal], or globe or to find the

outside diameter of a cy11nder, Quch as a tin can or a pipe

Materials .Vﬁ Y _
© . 1. 1 pidce of wood 20 cm long, 2 cm wide and 2 cm thick A

i 2. 1 piece 9f wood 16 cm long, 2 cm;wide and.2 cm thick
' ‘ '3._ 1 pieCe df~wood/28.cm 1ong;.2'cm wide and é'cm_thick ) |
. d. ] piece of wood 26-cm Tong, 2 cm wide and 2 cm thick’
T 5. 2 pieces of wood 2 cm on all sides” -
6.; 5 screws. 1 s cm.long -, o “/?(
"' 7. 4 nails 3- 3% cm Tong ;: B
1 8. 2 rigid meta1 strips 4 cm 1ong and 1 cm wide B o
e flexible metal strip 12 cm 10ng
Constructiqn‘(IQ) (See Figure:6) | ' . | ;

[ 4

Attach the 28 cm piece of wood to the 20 cm piece by nails or

screws and 2 cm up from one end of the 20 cm piece forming a e




jllke thls '[}::::::3'- . Now attach the 16 cm piece to the 26 cm
fJ .+ piece at the end so it looks llke thls 11::::3 . Now put the
~ second one on top of the flrst one and “hitth 1t to one of the cubes 2 cm
o O on ‘a slde by use of the 2 rigid metal strips. Attach the other cube
~ 2emona gide to the bottam of the first plete-at the right hand end af
- it. Now use the flexlble metal strlp to help hitch parts 1 and 2 above
together. Mark off on the 28 cm pleee dentimeter (or millimeter) marks:
;from >where it 1¢ attached to the 20 cm plece | S
. Aetivities (18, 22, %0, 41, B

\

A, For the most part, we: do not fecommend thlS device for. chlld-

ren at thls age level | ; - ‘
AR T I Use the caliper to flnd the dlameter of a tennis ball
_ volley ball, or any other sphere ‘or c(rcle,}hlch could be placed within
-'the caliper.. o
o c.. 1 Same as Actlvlty 1 in Section B..

2. An excellent activity. is to have the students find . the

. diaméters and’ clrcumferences of many spherical- or circular. objects and

'form the ratlo of the clrcumferénce to the dlam%}er Thus, the students

~_should sée that thls ratio 1s a cbnstant called ™ , o ;

< -~
-

o . .-

23
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CHAPTER 111 -

AREA

w Conservation of area and. lehgth develop at about the same time.’
:' Yet, area concepts are usually not taught at the same time as linear
o _ concepts Area should ‘he introduced as a "covering" process.. That is, -
\how many of these will it take to completely cover that. The method of
' ifinding the area of a given figure by use of formulas should not be -

"1ntroduced until the: child reaches the formal operations stage at around

age 11 or 12. - . o

v

. ,
Centimeter Graph Paper

(30¢ for 100 sheets vs. $3. 00)

<

) Materials

kS

* V. Access to a Thermofax "Secretary"(;dgier/Transparency Maker

~ and a thermal spirit master “ . L .
. };X R ' 2. Fiqure 8 |

o -
: . 3. Paper

' Constrgction'(Q, n, 12, 14)_;

. Using a machine similar to a Thermofax. "Secretary" Copier/Trans-
e ~ "parency Maker (or draw by hand on a regular ditto master), make a ditto

of Figure 8. (A stencil could be made on a Gestetner ‘but, it would
S probably cost more.) | B B

“ ‘. '( . ,
Activities (9, 11, 12, lq' 22, 40)

ﬁ.bl. cut but soMe.rectangular regions of various sizes and 30
‘ N . . )

.29
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. ~ squares . tm on a side. Have: the students see how many squares ‘1t takes
| ~.,_to. completely cover a rectanole so that no square overlaps. another.

ﬁnke the‘processleasy by having the rectangle's sides be 1ntegral units,

" .such as 3 cm by 4 cm. o . o E ' M

v "t'.*\ :3T;f ' B. 1. The same as the'activity'fn Part A. An exten;donlof thfsV
- would be to have the students place the ‘rectangular regions on a piece

‘ of cm graoh paoer and find out how many~squares 1 cm on a side it covers:
- This activity can'be made.more complex'by using non—integral“units‘for.

the measure of the sides or by us1ng figures other than rectangles

C. 1. The same actiVity as 1n Part: B \' | ';

2. Once students understand the method of finding the area

of an object by a covering process and have grasped the fundamental B

ideas of probabiltty theory, then they are ready to find areas of 1rreg- |

\ularly 1"bed objects such as a leaf, an outline of a hand on a shadow.

i
‘This can be done by having them trace the leaf, hand or whatever onto -

:}he cm-graph paper. Then have them count all the squares which are .com-
. pletely enclosed within the tracing. Next have them count up all the
-? | _ "squares which are only partia]ly enclosed. Now use the prihcip]e that
if a line is drawn such that it goes through the interior’oz a large
.'fnumber of-squares, then approxtmately half the;area enc1ose by those,
squares 11es on/pne side of the 1ine and half on the other ide. Thus,:
. -add one *half the total number of squares which are partiall contained

" within the tracing to the total number which are anclosed w}thin the
' tracing. . :\ . R

'\
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" should be larger if you are findimg the area in dm2

4

: -
The Square Centimeter and Square Decimeter R [y

X . R N
'

| Matgrial 1A-‘ - :-t_ X L K;,

¢

1. Figure 9 - | e R
t Paper | . - .
Construction _ _‘\ _ A

. You could make copies from Figure 9 or have the students con-

&

struct squares one decimeter on e side on a piece of paper. .
r 7“ |
Activities' (8, 11, 12, 13, 40) A

A,.B & C. 1. The activitfes listed under the seltjon'entft]ed

"Centimeter Graph Paper" would apply.- The objects you find the area of
\.‘ ) ' ’
2., An excellent exercise to.stress area conversions from

¢ v

. one unit to another is to have the student f1nd the area of an object

If the dm2 in Figure 9 is used, it is easy for
2

in dm and then in cm2

them to understand that 1 dm2 = 100 cm The next step wou]d be for g

them to find the area of s0meth1ng in m and then do Lt in dm2

and
2 o .
finally cm™. .. | _ | .
- Metric Geoboard (40¢ vs. $2.00) i
Materials . 'L
1~ Piece of plywood 20cm x 20 cm x 1.5 ¢ch -

2.. )00 nails | . [

Construction (19)

&

Cut out a square piece of plywood 1.5 em thick and 20 cm on a

~

side, Now set up a grid on the-geoooard so that the nail in the upper

left hand corner 1$°1 cm“in from each edge. Then put nails 1 cm from




-3

{

f (A square 1 cen@imgter on a side)

. )
: A : P
v‘ ’ k
‘ ' &
.“: .
. )
- \/ ’
6
L3
! 1 dm2
% Y LU

(A square 1 decimeter on a side)
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-+ and record their. data by having them 1

X

’ o ., SN I ‘ S 29 ]
'fhe'edge and 2 cm'fiom one another as'in Figure 10. You will end up
with 100 nails in the board with each nail in a row 2 ¢m from one another.

(Since there are 100 nails altogether and 10 in any one row or colymn, -

“the board can also be used to teach place value with a base of 10. ) The

fact that the nails are 1 cm from an edge a]lows a ch1ld to put 2 or

more boards side by.side axﬁ sti]]_have 2 cm between nails.

Activities (11, 12, 19, 40) - T S

‘A & B.1. Have the students make fiifferent rectangles on the board
t the length, width,‘and ‘the .

" number of squares enc]osed The students should be: warned that if there

.are 3 nai]s on a side, the side is on1y 2 "units" long. Thus, if a.rect-

ang]e is formed with 5 nails a]ong one s1de afd 3 along another the
Tength anq\gjoth are 4 and 2, respective1y There are 8 squares 2 o
on a side conta1ned in the rectangle : .‘ f
. 2. The same actlvity can be done with right tr?angles, non- .
'rectangular paraJ]e]ograms, and so on. |

B & C. 1. Children at this age level shou]d be abTe to extend the
activities in Parts A & B to derive the formulas for Tinding the areas

of many common p]dne fiqures by analyzing the data they obtain. Formu-

' las for squares, rectangles in general, right triang]es, triang]es in

general, parallelograms and trapezoids are a feu»that they should be

| abie to derive with proper guidance. . -

.

A 2. Haee the students make any kind of closed figure and.have7

~ them compute the area by counting squares or halves of rectangles Have
them do it for,both convex and concﬁve figures.
3. Another very 1nterest1ng acxivity is. to have the students

.

construct rectangles with a constant perimeter and then find their area.

J 3 ‘. ‘
q ’
w ~ N
.
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2'+ 1-1-=A..See if your ;tudents can discover this relationship
\ . . , . K . ’
- from their data. .
. : o ' ' 1 ‘
| ) . : .
i : 4.
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* - What kinds pf rectqﬁg]eé 6éem to have the largest area .for.a givep

2

perimeter?

- C&0D. 1;"UHave students construct any ind of-simp1e'polygoh andh

récord'fhe number of nails on the boundary B number of nails in the |

interigr I, and .the area A of the figure. A man‘by the name of Pick
v. ~ discovered a linear re]ationship betwign these three. Namelyf

3

R I
IS 2
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T WRUME o ~\ Y
S Piaget has investigated a child's understanding of volgme by
. ‘ ; relating it to conservation. ‘He investigates a child's ablllty to con-

- serve "quant1ty“ and "volume", both of which relate to volume.
ConserVatlon of quantity refers to the child s ability to real-
.1ze that the amount of a liquld or solid doesn t nqpessarlly change Just
‘rbecause 1ts shape does. For example, thetamount. of water n a glass
doesn t change just because it is poured into another glass that is
~ marrower but taller Children which are still in. the preoperatlonal -
- .. y | :stage will allow thelr perceptlonpto overwhelm them ‘They w1ll probably
<\ ‘say there 1s more in the taller glass because 1t 1s up hlgher Thls ' A,Q"
" same phenomenon can be observed by taklng 2 balls of clay with the same
volume and shape. If you flatten or lengthen one of the balls of clay,.
. ~ the preoperatlonal child no longer thinks they are the same.
| \' The conservation of volume tasks relate to.building houses “out
"of blocks Children aneJaéked to build different shaped houses with a
certain number of blocks They should realize that the volume of all ,r
" the houses (1nter10r volume) s constant since they used the same number
~ of blocks ‘for each They shoul4 also reallze that if the houses were
._ilmersed in water, then they would displace the same amount of water
M | Piaget feels that most‘:hlldren can conserve quantjty before they

 can conserve volume,. It is felt that children will begin to. conserve..

y quantltyland'intehior volume around age 8, but it is not until around llﬁ
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,oor 12 that displaced volume is conserved Thus, volume by formulas is-

=

' a topic more appropriate.for.junior high school students than for elemen-
"]

tpry school" students ' However, it is felt that elementary scﬁool stu-

dents be given many readinesé experiences emphasizing volUme as 2 "fi]i-

.

ing up" process.

o ~ Liter and Mi]li]iter/gontainers T
R - K (30¢ fOF ]00 vs. $3. 00)

. 7 Materials . s L

. - R 1. Accesi>to’a Thermofax ' "Secretary" Copier/Transparency Maker

* and hermal spirit master o
2. Figure 11,127 . .
( 3. Paper Lo _ -

Construction
! . .

- Using a machipe similar to a Thermofax "Secretary" Copier/TralZ?
i

parenCy.Maker‘kor.draw'by hand on a regu]arﬁditto master), make a dittq
of.Figures N and 12. (A stencil could be made on a Gestetner, but.it-
. ' would probably\be more@expensive.) If these are_made out of paper, they i
e will be va1uabl\a\as visual aids, but they will be worthless as far as |
S 'using them as containers - S i; )
; ,'_ f | | L If you want\every youngster: to have durable containers of their
| o - own, have them brino\idltranslucent plastic containers (not glass) 1ike
the ones used for- marshma{low or sherberh*and ice, cream These can be
-cnlibrated by haV1ng the students compare Lhem ~a commercial metric .
-measuring cup. The marks can be made on:the container itself ar on
'masking tape stuck to the side of the ﬂontainer These containers can
be “used for both liquids and dry. quant%tfes“soch“aSﬂsahd\orafloum

»  (Note: Children who understand this will\be\ab1e to cons‘;ve quantity ).
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lhe pattern used in Figure 12 can be used‘%o tonstruct a cubic
3.

-

;-decimeter or liter. 9It is strongly suggested that l25 cm, 1 dn° and
o dﬁ models be available. B T,

as

E ctl£1tig (1, 8 9 l%:/}3, lB 22 26) ‘

..A. 1. Durable{’ﬁarked containers of various sizes should be

used to see how many mz or cm3 it takes to fill an unmanked container.

“ Sand, beans, macaroni and water can be used "to compare’ containers

_2." Have them bring in various containers such as coffee

R -cans. oatmeal boxes and shoe boxes.- Put out 3 or 4 of these and ask

Codid it s T K

~¢

e ,-‘C.-l. The: activities in Part B apply.

f students to order thesF from smallest to largest and explaid how they

-

!

3. Once the child has learned to conserve quantity, then he

shouldrbe encouraged to make and take home a container he has calibrated :

L}

in mk or cm3 o 'L
| . B. »l The same ‘as the activities in Part A.

v 2 Students using blocks constructed from Figures 11 and l2

‘.

and others using similar patterns, such s a Hnl, should be given prob-

lems such as: how’ many 125 cm blocks does it take to fill a dm3 | Thus,

the students will be given experiences in the "filling up” process using

| ! : |
blocks. - . & | S

3. Have them/bring in containers and estimate the volume

before they find it by the "filling up" process. .

.

N
they can be guided to discover the formula for the volume of a rec}angu-

lar. prism by having themtlist the number of blocks in the length 1,

_width w, tieight h and_volume V.. | - s

2. Once the students truly understand . the "filling up" idea, |




d

3. .ForMUlas for the volume of §§;1hders, pyramidsﬁand'so on
can also beAae;ived_if you_héVe'constructed_ﬁhe neceségfy'figures from
4unablefconéaihers. For examp1é, if you_have 5.pyfam1dfw1th-the same
‘base and height as a prism, you can pour sand~from.oné;t%‘fhe other ahd‘:

" they can discover that 1t.takes 3 pyraﬁ\él to £111 the prigh\_

; o Cubic Meter : o .
| - ($6.00 vs. $15.00) S

~ Materials o :
| fu.l; 12 m{ﬁ_g;cm of corner stripping 2 cﬁ{ [L::J‘
) '2; 8 cubes 3 cm on a side . )
3. Package of 2 cm screws or br#dsi Lo
\ ‘:-*w(;~ fooe

ké

Construction (21) :(See Figure 13)°
I‘ ‘%ut the corne} stripping 1nt; meter lengths and attach them to

~ the 3 cm cubes. Use screws, 1f.you want to be able to disassemble and

- reaése@ﬁle it easily. Adjustments%pq the meter strips must be made 'so

_ that each.side‘is exact}y 1M, If you were to‘usé 2 cm wide strips
| rather tﬁan corner strips, you could cut ‘the construction price in*half.
| Yqu:coqld aﬂgo'USe dbwé]s and drilL,ho]es in the blockf, which‘wou]d
\“5lso'be considerably cheaper than $6.00, However;-cubes construcped'the

lgttgr two ways are not as desthétically‘pleasihg as the first one men-

¢ .

“tioned. '\ -
‘Activities (1, 15, 18, 22,726) _, - oA
- A L

\)

NoA; .

B, C&D. 1. Themain_purpdse:o; havihé_a'cubic meter is for -

| dem6n§;rspion purposes. ~It'serve$.as an excellent ﬁodellof 1 000 000,
since 1 000 000 cm? =1, It could also serve to illustrate

AT ‘ . [

9

37
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e D D U o e
-1 000 000(600. since { 00(')"000‘0001mm'3 a1 M, Thus, it would acxuaily-
" take more than J 000 000 000 grains of sand or salt to fi11 a cubic ¥
meter. . . B | B | \
( 2. It also is an excellent model of a kiloliter. _ ‘ 
3. ‘Since a liter of wgter "welghs" a kdlogrsm, then a kiloli!!r

of water "weighs" a Megagram or a metric ton, ' = )'
' ( .ot . . ‘ '
Students.can begin to appreciate the metric’system, since we

can relate a unit ofﬂlength t&!a unit of volume to a unit of weight.
That is, 1{dm3\= 1 liter which weighs f kg if ia is water. In the

i .

| English,syﬁtem.there.is no corneiaiion between an inch, a quart and a

pound. . S .

b Becs B W S f . s e s e e



CHAPTER V I ‘ e

A | MASS

'S

Mass and weight are two tefms that are often confused; M3ss
' rgfers,tofa measufe of the amount o% a substance and is constant regsrd-
iess where the object is. We¥ght, on the other hand is a force, and
varies according to its location - For exémple, if we were to pufchase
~ some hamburg on a space station we would pay according to its mass and
" not its weight. Its weight would be zero, if we were out of the gravi~«
tatioﬁal pull of the p]anets.- Therefore, what most of us mean when we
_'ask "How much does it.weigh?" is "What is its mass?" 'Consequéntly, we
'w11l give ?he mass of an object when we are asked to find its "weight". |
The terms "mass" and "weight" will\be interchangeable in everyday usags
The modernized metric system, called the International System
of Units (SI), uses the kilogram as its basic unit of mass: (The Newton
1s the basic unit of force.) However, it seems more logica] to think of
.the gram'as tht basic umit of weight, since,one_can reJaxe the gram to
the prefixes kilo, hecto arnd so on as we did the meter and liter.

Another reason for having the students use the graﬁ as the basic unit

1s that the three most widely-dsed units of weight are the milljgram, '

4

gram and ki1ogr$m. N D e
: . \ . v . .7
Pan Balance . (Ba]ance Beam) and Metric Masses ("weights") :
Sy ($z 00 vs. $20.00 for both) | S .o
Materials ' " |

1. 2 pieces of pegboard 50 cm X d cm

;.-,' | . ‘.‘_ 4'5 ' | : | | " | | 40I




-..(:;i>' | Z. Piece of pfywood,BO'cm x 15 cm
3. Plece of soft pine 30 cm x 4 cm x 2 e o o

' 4.» 2 plastic margerine tubs or styrofoam cups

5\ String

- 6. A dowel which will fit the holes in the pegboard snugly
" Construction (9, 12, 19, 2, 22) f \\{\\ |

Attach the piece of soft pine ‘to the plywood by ndiling it to

| . the bottom. Attacb thg’pegboard to the piece of:soft p1ne so that it *
easily tips from_side to side as in Figure 14. Use a piece of 'string

to tie‘the margerine'tubs to the ends of tne pegboards. If it does not
'-bafance'properly, make adjustments by slipping elastic bands“np and down
the arms. This pan balance can alsp be used as a balance- beam, merely. .
| by changing the pegboard arm for one similar to the arm in the lower A

half of*Fi ure 14, S S .
g . a v . N .
Activities (1, 2, 6, 12,,13, 18, 22)

A. 1. Have the students compare many objects to one another to.

a

see which is heavier. Some Qf the objects that they could use are rocks,

tennis ball, golf ball, a pen, tin cans, jars, checkers, crayons and so
. . . ) \ @ :

4 K )
Kakiad . ™

on.

2. They could use something 1ike beans and find out how many

s

beans weigh the same as a pen a crayon or a rock Thus,, they could use,

"4

this™ non “§tandard unit of a bean to see which is heavieg, this rock or
this tin cany N\ o ‘ o '

. 8.1 Activities in Part A would be appropriate However' you
could éXtend Activity Al by picking out 5 obJects and asking the students
to order theh??ﬁﬁﬂn/ﬁgaviest to 1iahtest. The authors have found this:

\

fu s e comamwmeis dhoaid B WIS o1 mea e b

. [ .
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- tovbe an extremely difficult task. For eXamplE, if-you,were asked to

order by weight a rock% a hockey puck, a lump of clay, a Jar and a

quantity of sand, you) uld probably be very surprised with the results

Weight is very deceptive,. b7cause most people do not consider how the -

weight is distributed.-

’ )

..2. Have the students make some gram weights by comparing
something 1ike beans, macaroni or pieces of. driid‘wood to some standard a

- masses of 1 g. 59, 10 g and so on. One advantage qf using wood would =,

be that nails of various weights can be purchased and added to a piece .

. of wood to increase its weight to the appropriate value DN

¢ - 3. Have them find the weights of familiar objects using the [

.reights they constructed. Some interesting objects would be shoes, a

-

L3

wallet or purse, books, and so on. |
C&bD. l. Activities in Part B are appropriate TA nice exte’s( r
of B2 is to have the students compare the weights of objects to\guanti- | »

~ ties of water, since 1 m¢ of cold water weighs 1 g. Thus, if they com-

pensate for the weight of the water container, then they can find,a very 1\/,
good Spproximation for the,weight of the object by £inding how many

milliliters it takes to balance it off.

Bathroom Scales ' ' .
($0 vs. $11.00) ' :

Materials |
1. Used English bathroom scales | B

2. Piece ofyheavy paper . | ‘ B L N

-

Construction e

If you: have an-old English bathroom scale which comes apart ,
(=

.
easily, then you can easily convert it to a metric scale by simply using
; N . \




{['5‘;i 3 .hl ,,ihe fact that 2.2 pounds equals 1 kg. Simply superimpose the new scale .
| B _you have made over the old.one..f\ . U T ';’ |
 petivities. (2, 4, 12, 13, 18) " |
A, 1. Have'the students weigh themselves, record tWeir heights
\

and any other information you may want at the start of the schooi year.

“ At the end of the year have them find all .the n measurements again and -
R o '
. compare the two. . B C, ~qg ‘ .

! ’ ' , :

B&C. 1. Activity Al would apply. A good extension of this activ‘
ity would be for thL ghildrep to" record their monthiy or bi-moothiy )\
weights and make a bar graph iliustrating this

"
.

2.” Students can find the weights of heavier objects 1ike a
chair, 10 math books, or a desk by subtracting ‘their* weight (rom the ~3
' weight they obtain by holding the chair and standing on the scale. S

1)
-«
2

7 3. If the students are not sensitive aboyt,their weight, you

' can haVe them make bar graphs iNustrating the distribution of the ‘“

. . e -

weights of the ¢lass by 5 kg intervals. They could also find thefaver-

‘ . . X A ) :
¢ age weight of a student in class. From this, they could compute how

- manybstudents it woufd take to make a metric‘tonf{ - B




CHAPTER VI //,j
’ | - T
TEMPERATURE-.

-}

ry

L 'femperature measured 1h degrees Celsius are very easy to remem-' -
o ber and understand. Basically, you need to know the fol}pwing: ’:‘g B
| - 1)s water freezes at-0 oc. L b'\ |
s 2) Norma1 room temperature is 20 °c.
33 Norma1 ‘body temperature is 37 °c.

L)) water boils at 100 °c. | . \5

" Thus, the co truction of a cardboard Celsius.thermometer as
shown in Figure 15 w:i(d'\a.[p studengs and parents relate CelSius tem-.

peratures “to everyday situations r | .
", . I (@" '_ . v
Demonstration Cardboard Celsius Thermometer '
(30¢ vs. $4. 50)
Materials _ ,
| | 1. Strips of cardboard T5 cm x 30 em |
... 2. String _\\\\ - ‘_: o ;
. 3. Red pain& or marker. |
' . N ‘ . : ] . ) , ‘- . .

.Construction (13) - _‘~'

Construct a Celsius scale on the cardboard If you want the

le to go from 100 °C down to -40 °c, then startsthe scale ] cm up from {

the ottom and end it 1 cm down from the top. Thus, 1 cm will be equi-
valent to 10 °C and 1 mm will be 1 oc. Puncture a sma11 hole at the top

and bottom of the scales: Cut a piece of string about 66 cm and paint

o
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. < | ..L' >
) half of it red. After the paint dries place it through the hole in

the cardboard and tie it on the back side of the cardboard. Your strino )
e R . | |
-should now move freely up and down.

Activities (6, 13)

[] .
A & B. 1. If each child has constructed one, you could have them

- draw a picture next to a partitular teM!ﬁrature (or cut and paste one
. out of a magazine) to indicate what that temperature 1is like -For
' example, they could draw a picture of a boiling teakettle at. 100 °, a

snowflake at 0 C, or cut olit a picture of a nice/cozy room with a fire-

o

place and put it at 20 °C.
E . 2. This thermometer can be taken home and the ‘students can
explain the Celsius thermometer to their parents. R , /

3. Since th8 string can be moved, it gan be used as one.

(3

co W\
would use flash cards. As you move the string, ask the children to

describe the kind of day it is. . L,
L ’ - Calibrating Celsius Thermometers from '
L ' Fahrenheit Thermometers (0¢ vs. 40¢)
P \
' The cost of a dozen classroom thermometers is less than five

v

: dollars.. Thus, 'to the authors it seems impractical to convert existing
}» m/ Fahrenheit thermometers to Celsius thermometers if your purpose is to
.'_ l;{" get some Celsius/thermometers However, if your purpose is for compari—
0 . son of thé\prds and cons of the two, ,then it ‘can be done very easily

If the Fahrehheit thermometer is attached to a piece of wood or card-

board merely put a piece’of tape‘on one side to list the Celsius tem-"

\
¥peratures Youscould use the following formulas to help yoy!
" F=gC+3 or C= 3 (F - %), Another way would be to mark off
: - . . Py
V209 = 68 °F and 0 °C = 32 °F and calibrate the rest from this informa-
N . N | & ’ i .
. ’\ . N . . o '_..
A .

’ - . i . ) .
. : . X : ' .
J . q \
o a o e B y L ]




v B oo o : | | ‘4810
tion. This would be an-ekoellent-activity'for junior high and Senior , |

high school sfudents Figure 16 shows the two scales'°

’

o ~ Calibrating a Celsius Thermometer rom an ’ -
S o Unmarked Thermometer (304 vs. 40¢) ‘
" Materials - o ;
1. An unmarked thermometer o ‘ T v
] 2, Piece of cardboard or thin piece of woog | ;
- . L .
Construction (1 Zé) - | : | ,

¢
Place: an unmarked thermometer in freezing water and~mark the

mercury level with.a piece of tape. Do the same “thing with boiling '
| water Attach your thermometer to a piece of cardboard and mark the

levei of the mercury when the water was freezing 0 °c: and where it was

at boiling 100 °C. Subdivide the interval into 10. equal iengths and

then each of those intervais into‘lo equaT iengths (This construction

’ L 4

process is&ﬁecommended only for junior high and senior h19h students )

. Activities (1, 12, {3, 26)
| <A1, Draw a large cardb@ard poster with the days of the month.
iisteq across, the bottom. Drawlh thermometer with a Celsius séale above~~;wa'“ '
each day. Have a student read.the thermometer at someaspecified time - \
each day and color the ievel of the mercury in for each day Hf you put B
the weekend and holidays on the poster; the students may find' this moti-
wating enough to try to find the temperatures for- those days,Jso that
they can put them on the poster. This should help their’ parents become
_aware of the Celsiws readings. ; ~ I 0 oo

.. B. 1. Activity Al would apply -Some nice extensions of this

, could be making a bar graph of the temperatures or findinq the average
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4 50
* B . . . lr_//l.
i'_'- | | weekly or monthly temperature (for that specific time of day) '
- 2. Place some containers of water of various temperatures :
¥ e
LT .ona table and have the students estimate their - temoeragwre Have-them ’
| estimate by using their fingers and .some; other part of their bodyulike
oo [ &0
. Can elbow or inside of an arm. ‘60 they think it feels the same or s
. one area more sensitive to temperatures than another?
. ;‘ . "3; Have students measure ‘the freezing point of a liter of
plaih water, a liter of water with 50 g of dissolved salt .a liter with
| lOO g dissolved salt Is there any difference?. -
) Z}& D. l The construction. process as described above N I
2. The‘activities in Part Buwould apply; |
I .
S r 257.;7'
: '{\ W i ///;‘
o _ wo'h '// B y
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_GAMES AND AIDS

Metric Flash Cardsf.
a (50¢ VS. $6.253.

Materials . T "_’_ o

Suggested Levels - o A Ly
o B&C . |

. 1Usage. ) | - o ?cafv ' é
o :

These are to be used by one, student, smal] groups, or a whole

class to review concepts previous]y taught in class "

l_é'
1. Piece df poster-paper

2% Felt tip marker S I

{_" 3. Scissors

;-’Construction (2, 12, 13) o

_the answer,.on back.

Cut a piece of poster paper into reétang]es 15 cm by 10 ¢cm.

"~ A

~

(l) Cards to practice 1ntra -metric conversions for 1enqth

w\

u ‘area or weight could be developed., (i.e., 7?" ___;cm) .

Devise some short answer questions 1ike the ones deSCribed below and put

v

k?) Aﬁother,set of cards could be deVe]oped to styess intra-

"metric comparisons. (i.e., put >, <or =
ing: 3 dg 30 g)

. (3) Temperature cards could be made where the student des-

in the follow-

s




Lo ,. . . ¢ - . o <

\

K e '. " . cribes the kind of day A1t 1s if the temperature- 15 __°C. ‘
| ‘ o (4) Many ther ideas ¢ould be reinfqrced such as esfimate )
! the weight (o; 1éngth) of a set of object;.
}/ ' ' fv" o > -‘ . Ebilbw t?;szgtric Road, | | - Y
oo
. Squﬂsfed Lévels( o o I_ e
- _ , ' ‘ :
B and C o B AR
) S | .
5 ) This game is designed for smal1 groups (2-6) 'to review previously
. taught conceptsi o E ') o - - o ;-V
0 . 4 o '? | |
Materials . | .o,
-Q_ - 1. iPiece of poster pﬁber.
2. Felt tippen -
3. 'Spinner or die B | : - ,
L, ® A 50 cardg 8 cm by 4 cm made from pdst;r paper -
~ Bs 2-6 markers |
Construction

Desién a curved pathway on a piecg of poster paper or cardboard. = -
| Make the_pathway'about 3 cm.wide wfth~50'§teps each asout 3 cm long. h
: .Alsp make up a set of at leasEABO short answerAquéstions on the metric
'.éyktem:to be put on the 50\cards 8 cm by 4 cm. The answers to each
question,;hould bé'putmin the lower right-hand corﬁer. The question;

‘could vary to correspond to .the level and content a teacher wishes to
. . _ ‘ \ \

" stress. - " B | .

r

-‘\ . . ...\ . ) . . ‘
i . . _ ) 5 /-.
5 . . ' . ; . ¢
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Directions - IR BTN t |
- Spin (or roll the Q\ES'EL see who goes first The stddent‘with
) the highest number goes first; the person to his 1eft is seconh and SO

" Now if player A'goes first, the player to his 1e9§§draws a card - T

from the. deck and reads the question If.player A answers cbrrectly,

then he spins (rol]s the die) to see how many steps he can. tqke He
4

has the option of taking that. many‘steps or none at all. For example,
assume player A's question was ilﬁ dm = ______m2", and he answers 1.6 .
| Nqn assupe player A spins a 4. He:moves those 4 spaces, and player B
- takee his turn. | . | .o .‘ ~ o V‘i .
'Fuhther, ;ssume that during the.counse of the game, player A
s on space 18, answers his question correctly, and spins a_3.1 There-
- fore, if he takes his'3'steps he~n111‘1and'on space 21, which has hfm
move back 4 spaces to space 17. Thus, he mey elect not to move at. all.
! i If player A answers the question.incorﬁectly, p1ayerlB takes his'turn\
and the game continues. In-order to win, you must land fn space 50 e
‘exactly. Variations to'the rules can be added¢. For example, yod could
impose a penalty for éailune'to,answen a qUestion,.by_ha91ng the person"
~ . move back to the first blank space.hehind him. |

Figure 17 is a sample gare board whith emphasizes some of the

. important histonical aspects of the metric system,
Metric Concentration’

pe

. «
& ~

Suggested Levels
A, B and C | |
L ] v
Usage . . ,

~This qame 1s.to be played by 2 players or Z,iepms of 2 players.'
. "

\
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i-1a_tegia’s S ' | B -
ijn 20 or more cards 8 cm by 4 én ax
) " 2. Felt tip marken.\ . ) | ! »
g' - ;' Construction : w S |
oL . Cut up ZO-or tore 8 cm by 4-@1 cards. Write 2 equiha]ent:retric '

 measures 1n different way§ .on different cayds. For example, one card,
: aJ
miqht have 200 dm and the other might have 20 cm. You can make them as

N
difficult as you ghoose, depending on. the level of student USing them.

~ : . * N
. - A

/

Directions N ' o
Mix the 20 cards up and placé them face down betweéh the 2 play-
k ers. Flip a chﬁ‘ia see which player goes first The first- player flips

any 2 cards in the set, and if they match ‘he keeps them. If they do not
| match, the cards are turned upside down and player B flips any 2 he
chooses. The game continues in a similar fashion until all the cards

are gone and the winner is the one with the most cards.

Y Friend"_Puzzle

o . | Suggested Levels . 3 ' 'Y
A and B : ’ . | -
Materials | b ) | Yy

1. A copy for each student of Figures ]8_and-19

-

- 2. (Crayons and bencil ’ i L B
: z The. following 1s a puzzle that was made up by Mrs. Marjonie
Bruner of RFD No.:7, Penacook, New Hampshire 03301. This particular
. . version stresses conversigns. between cm and mm. hith just a few simple
adaptations,'1tAcould be used to stress many other concepts. Figures 20

and 21 show the answers to the puzzle in Figures 18 and 19.

'] ’

61




o N e

o Figure 18 B St BG
Y ¢ : RN ) . B N .
A Friend -
‘ .. . by“ ¢ . | ‘. . o - §
Matjorie Bfuner S R
‘ SRS o , RSF.0. 7 (Cantegpury) - L KR . ‘
T N ) Penacook, M.H. 03301 . . I
. 1. F11 in the blank-spaces with your answers.
e ¢ ! : BN ‘ , ' , o
5cm= . ,_mm o , cm = 150, mm "
70 mn = cm 30 mm = | cm
| / ‘em = 140 o | '.mr\'-' 1 em
g 1l2cem= rm L "~ em=110m _
) “mm=4cm "30 e¢m = \ . mm
¢ —_mm = 3 cm 60 mm = 1 cm
20 mm = 2 mn = 27 cm ‘
: _ | cm, = 90 mm | I100mm.= cm
/ 160 mm = _ cm | 20 cm = ' xmm_
) | . ____mm =13 cm . ~ 1= o | - ‘
: 10mm= em ' —~40mm= - cm
, ’ .
. L , _ A ' .
II. Shade in each area on the next{sheet which contains one of your answers.
} ‘ - . ‘ SN A g
v . IlI.. Who 1s he? \ = . S _ \
L
/
¢ * \
!




/> c/c/m in the maze [E/ ¢o m ey ic ‘5”"/)‘5' \

aum/ on 7‘/76’ |

h/en I(y me ’7”" "




20 mm = 2 cm__
’ 9 cm = 90 mm
160 mm = 16 cm
. ;4f‘$”T3Q mm = 13 cm
. / ] c;m

11. Shade in each area on the next sheet which contains one of your answers.

ILI. Who is he? Snoopy

/

270 mm = 27 cm

100 mm = B 10 cm

. 20 em = 200 mm |
100 cml= __1000 ~m
40 mm =" 4 _'

4

\\ .

'

- Figure 20 ' "' 58
) ' N . . L. - o »
A_Friend e et
. \‘\J\ ‘. | . “ | . I- . .. . \by .
| | . Marjorie Bruner: o -
- R.F.0. 7 (Canterbury) | \
r ‘ Penacook, N.H., 03301 B \
: . * i . v
. 1. F1lin the 'bl@ﬁl?‘.,;paces~'wi@h_y_our answers, ‘
( 5cmx * 50 :mn‘ 15 - cm = 150 mm
| T0m=__ 7 cm 30 pm = 3 em
| 14 ¢m = 140 «mm 10 mm =1 em
oy 12ems 120 m - M~ em=110m
) 40 " mm=4'cm Vem= 30 - mm
80 mm=3cm | 60 mm = 6
| .
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_ ‘Metric Crossword Puzzle '\h,/z . | N
- Suggested’ Levels - 'b L L | 1 I .
N A ) e o _ .
. Materials: T o T L
l)\ .l- ) . L _. . . - o- ’ ’. .
- N, cdpy of:tn% puzzle for_each student (See Figure 22) ' y
* . 2. Pencil _ ) AR S . -
_ ! T | A Metric Brain Teaser | ' .
o ' N N ) . . \ “
Suggested Levels _ B _
B, CandD . 1
, _ 4
q - _ ' ' o —_
Materiabs - - _ o S - | A
R - 1. A copy of the brain teaser’belgw for. each student
| 2. Pencil
; ‘ : LA
| _ A Metric Brain Teaser - i
b » ‘Write down the ‘year of your birth.
.- To this number add the number of mil]il1ters + B 3
| ¢ in-a liter. . —_—
From this result, subtract the number of . 13
. . centimeters in‘a meter |
, Now, .to this number add your age on your B}
_blrthday this year. _ ' +————%———
' ) | " From this ‘ansver subtract the number of - o i
T grams in a, kilogram
: \.? , S To this result add the boiling temperature . !
- SR of water on the Celsius scale. SN
’ - ' V
. -y Is your answer on t1me2 Do~ you understand : 7
- * why this works? v —
L}
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%10,

| *25.

c o L v

Across

* 1. basic undt ‘of length

‘weight changes accord1ng to
“location but does not

8.. elementary (abbrev.) -,
9, a direction-(abbrev.)

used to measure liquid capacity
12, not direct current (abbrev.)
*13. metric unit for force
¥6. 41 000 cm
*18. angle measure (abbrev.)
%20. prefix for 1 000 000 . -
. 22. education (abbrev.)
 *23. country which developed the
"~ Metric System ' o
*24. sca]e for measuring temperature -
centimeter (abbrev. )

" * These questions are metr1c system

oriented. .

Figure 22

- .
¥12,.

"4,
*15,

17.
19.

METRIC CROSSWORD PUZZLE

Down

not you, but I

electricity (abbrév.)l

‘the number conversions are:

based on in the metric system
to free from faults or errors
prefix for 1 000 |

Massachusetts Institute of N
Technology. (abbrev.)

distress signal (abbreyx)

not aut, but o -

un1t for measur1ng electric
current

season of the year
preftx\fcr 10

past téh%i)Of run o _
~five. six equals eleven

20. , Majne (abbrev )

*21.

23.

a unit of mass (weight)

French Foreign fon (abbrev )




) ,' to the.right to get to the gram spot. -Therefore, in the pro_b_lem move g

- the decimal point 3 places to the right also, since'eveny movement to

« - each abbreviat1on remindihg the" stuqent to multiply and divwde by 100 a

" For example, assume you want to change 34.2 m to mm2 ’ You move 3 places

N - N . T
[ ) :

[}

, Intra-Metric Conversion Chart. . ' . .1( ‘
L Suggested\Levels - n B | <'-“:'/ | t.d R ?1;“”h““;7\,'. .
B, ccand)l) . B b
‘ S - o ( -": LN\ ) ® - “" ’

3% The chart is designed to helb those students havind pnobiems

' . . _
do&ng;intra-metnic conversions.. o S : o )

. ) ) ' . . 1Y

Materials - \ L ' ' .

1. The Intra-Metric. Conversion Chart -in Figure 23

. A

Directions

are doing conversions primarily 1nv01vin g 1ength (meters), fluid capac—

ity (Viters), and weiqht (grams) Fer example, assume a student has the

- problem of chan}ing 4. 3 kg t& grams Here the qram is used as the base

unit and not the kg Thus, start at the "k__" space and count 3 piace&

._the right is equ1va1ent to multiply?ﬁg by 10. Simi]auly, if you had
23 cm and ‘wanted to change it to dm, move one place to the left. This
is equivalent to dividing by 10. Thus, 23 cm = 2.3 dm. | _

The Two Dimensional section is designed to remivd students that .

_every step to the right is equivalent tb4mu1tiply1ng by 100-and to the ~h'n _ﬂ ¢

Veft, is equivalent to dividing by 100. That is why 2. boxes appear over \

2.

to- the right but each move is moving the decmma)gpo:pt 2 p1aces Thus,

‘.“_,"- . ‘ ‘ i 'y ' L‘
. D Lo e S \
o . RN '
‘. » N
C " . o Co ‘¢ - : .
- . x4
‘ . . ) ) . 68 P . \ :
) : R . ' . g ] ’
’ _’w « ) "




o .t INTRA-METRIC CONVERSTON CHART
_ : . . ' ' - . o : A R © 7y i ) . )

» ° ;

T . SINGULAR'CONVERSIONS

I Y MQE'R, LITER, GRAM, ETC.

4( 3 h da - ' - e, d

’ ,_‘. }/ -w-?-— , ,(____ \ .‘ _____ ) ——a— " ] ——————

L | Base*l.l,nit v

- . TUOY DIMENSIONAL CONVERSTONS
e e UUAREA. -

O .
! . .

. ' , . . 7'
. dam® s em? am-

' )/v { '. "' o . ’ . Qf |
S . . THREE’DIMENSIONAL CONVERSIONS o
. o : o VOLUME (DRY MEASURE) R

*

. ' . . - . . - v
f
+~ . -1 " ‘ }
. R B . .
Al . . . v : . .
+ . I3 L oy .
A . » 3 ~
. . . .




. pating ¥n various evgpts.

. you moVe the deciubl point 6;b1aces and 34.2 ma =,34 200 Ooo,mmz.

The Three Dimensiohal séction was desfgned with 3'boxes above

each abbreviation to remind the students that each move is’ equivalent

to mu]tiplying or dividing by 1000.
, t )’
. A Metric Certificate
| Suggested Levets - . .
A, B, C and D | ' ‘_ . , | ‘
M_a_,teﬂaly. & - L

. Copy of a metriC’certificate“for eachrstydent.

A Metric Certificate is a good way to end a unit on the‘metric '

eystem. You could have the students go on a metric treasure hunt and

have the treasure be a cemtificate and an apple. You could give out’
certificeteS‘similer to the one that ﬁBWlows,'if you organized a metric

field day.- Here the certificate would be(for winning or just partici-

S R
!

~ - . | ¢

'(Figurs{Zd)
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0 -+, Figure 24
L . ‘

T8

/ len
A : Bl
: *-
-
. ' ) )
13 . .
' MEIRIC GERTIFICATE " 4
THIS 1S TO CERTIFY THAT
L &
has completed successfully, the course cntitlcd.ucnsurémcnt and -
N SN i . '
the Metric System. This mcans that tho abova can hold any
position which 'calls for a metrificd (not to bé_coﬁfuscd with
petrified) person. ‘
. t . ) A . ’ . i .\
A ° . . e . . _"._ & : s . -
ATTESTED TO BY: ’ o ' :
. 17 ’
1% ,
: -/ ) L . . . ) \"’,
_264261(”1:’ & ¢ﬁ>¢é;“’h—-- . on
. ’
. . ‘. “ .T‘l
Y 1 N NV, '
dL | : i
e LS|
) B
. ' ' ’ ]
' [ 72 . ‘ [ ] ‘
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